Background: Resistive Index (RI) measurement by Transcranial Doppler sonography was used as a bedside safe, noninvasive technique that helpful for the assessment of vascular hemodynamics in various conditions; such as defect in brain perfusion associated with hydrocephalus.
Introduction
AMONG infants with hydrocephalus, it is not easy to establish a diagnosis aiming to initiate a treatment modality especially drainage procedures [1] . Assessment of intracranial pressure (ICP) is essential in the management of conditions with elevated ICP and various methods were used to assess ICP Correspondence to: Dr. Mohamed M. El-Maghrabi, E-Mail: dr_elmaghrabi@yahoo.com mohamed.almaghreby01@fmed.bu.edu.eg whether invasive or non invasive. While some author were comfortable with invasive method as direct cannulation (the most accurate but with risks), and direct intraparenchymal devices (accurate with less risks) [2] , others had suggested non invasive use of Transcranial Doppler (TCD) and its indices as Resistive Index (RI) which was used as a bedside safe, non invasive technique that was helpful for the assessment of vascular hemodynamics in various conditions; such as defect in brain perfusion associated with hydrocephalus [3] .
The aim of this study is to evaluate the use of TCD and RI in questionable hydrocephalic infants subjected for possible drainage procedure, and to assess its validity to reflect the increase of ICP. And to try to establish a cut off point of RI value that may correlate to initiate a decision for surgery.
Patients and Methods
This is a cross-sectional study which included thirty infants with query hydrocephalus, not proved by clinical nor ordinary radiological findings, and they underwent RI measurement of Middle Cerebral Artery (MCA) at Radiology Department of Benha University Hospital then ICP monitoring at the Patient population: Thirty infants, twenty four boys and six girls, with their age ranged from one month to twelve months (mean age 5.83 ±3.43).
Radiological note: All patients underwent RI measurement by an equipment of a duplex Ultrasound colour flow mapper. The probes that used were sector, phased array cardiac and dedicated probe with a small imaging footprint and a Doppler frequency of 1.8 or 2MHz. The examination done with the patient was in the supine position. Three acoustic windows were used: The trans-fontanel, temporal and the sub-occipital windows. For the temporal window, the examiner sit bedside on the patient's right, forearm resting on the patient's shoulder or chest to assure good stability and a little restraint of the child. The probe was placed just anterior to the tragus of the ear and superior to the zygoma and an axial grey-scale view of the base of the brain is obtained depicting the hypoechoic "gazelle track" or heart-shape cerebral peduncles and the echogenic star-shaped suprasellar cistern; these were the reference landmarks. In the colour mode, the circle of Willis projected anteriorly the MCA which was coded in red with flow towards the transducer. Switch to the spectral Doppler mode, a 5-mm wide Doppler sample gate was placed on the Internal Carotid Artery (ICA) bifurcation and moved towards the periphery along the MCA. Two to three velocity recordings were made from ICA bifurcation towards the periphery, and the highest velocity was recorded [4] . Stevens, [5] suggested that the measurement of ICP >27cm H2O for ≥5 minutes as a threshold for treatment of hydrocephalus, so we classified our study into normal ICP (≤27cm H2O) and high ICP (>27cm H 2 O).
Statistical analysis:
The program used was SPSS Version 20. Quantitative data were analyzed using mean and standard deviation, while frequency and percentage were used with qualitative data. Student t-test was used to compare means of two groups; correlation coefficient was used for correlation between RI and ICP. Fischer Exact Test (FET) was used to compare frequencies. Receiver Operator Characteristic (ROC curve) was used to measure validity of RI. A pvalue <0.05 was considered statistically significant (*) while >0.05 statistically insignificant.
Results
This study includes thirty infants with query hydrocephalus underwent RI measurement of MCA then ICP monitoring, twenty four boys and six girls, with mean age 5.83 ±3.43 (ranged from 1 to 12 months). Table (1) shows that mean of RI is 0.70±0.11 (range 0.35-0.88). ICP is divided into high and normal pressure, 66.7% and 33.3% respectively, (mean pressure is 27.2 ±8.29cm H2O and ranges from 10 to 43).
There is direct correlation between RI and ICP, Fig. (1) , as RI increase with increasing ICP, which is statistically significant ( p<0.05). Table ( 2) shows that there is no significant difference between male and female infants as regard RI (p=0.056) while there is significant difference between infants with high ICP and others with normal ICP (p=0.001). Table ( 3) show that 0.7 is detected to be the best cut off point so RI is valid as a predictor of increased ICP. ROC curve shows that RI has 90% sensitivity, 90% specificity and 90% accuracy.
Fig. (2) and
So we can classify the included infants, according to that cut off point of, into high RI (17 infants, 56.7%) and normal RI (13 infants, 43.3%). 
Discussion
Our query hydrocephalic infants who had symptoms, and signs suggesting this condition were subjected to evaluation with Computed Tomography (CT) and Magnetic Resonance Imaging (MRI), measuring of ICP invasively and non invasively, including the use of ultrasonography and TCD in order to obtain a reliable reason for surgery.
It is difficult to initiate a treatment modality especially drainage procedures on only progressive vetriculomegally on consecutive imaging studies, or the presence of clinical criteria of elevated ICP. The risk of initiating treatment depending on CT and MRI may out weight benefits as ICP values where normal or minimally elevated [1] . Infantile hydrocephalus is characterized by increased accumulation of Cerebrospinal Fluid (CSF) in cerebral ventricles with its enlargement, it occurred due to disturbance in production, flow, or absorption of CSF, and led to a series of pathophysiological changes with raised intracranial pressure ICP, decreased intracranial compliance, and alteration in cerebral circulation [6] .
In hydrocephalic patients, the mean ICP was 20.5±8.5cm H2O and the range form 10-25cm H2O by several authors [7] , others claimed normal value for children using lumbar puncture is 12-28cm H2O, [8, 9] and they suggested measurement >27cm H2O for ≥ 5 minutes with symptoms and signs of hydrocephalus as the threshold for treatment [5] . Most of the studies depended on measurement with lumbar puncture, that was considered unreliable and significantly overestimates the ICP in children [10] .
In our study we used direct ICP measurement invasively by cannulation of lateral ventricle in supine anaesthetized babies, we found ICP ranging from 10 to 43cm H2O with mean ICP 27.2±8.29cm H2O, anaesthesia may alter the real value of ICP but at least it avoid physiologic events as sneezing, coughing, stressing, and crying that changes the readings.
TCD is a bedside, non invasive test for monitoring cerebral circulation that could be repeated for follow-up. With increased ICP, cerebral vessels are stretched, displaced, compressed leading to increased vascular resistance. This is reflected on Doppler curve parameters with decreased End Diastolic Velocity (EDV) of blood flow, increased RI, and Pulsatility Index (PI), so it can be used in diagnosing and following infants with hydrocephalus. Normal values for RI in infants at MCA ranged from 0.55 to 0.74 with mean 0.63 ±0.08,
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[11] resistive index could be influenced by extracranial and intracranial factors increasing and decreasing it, factors that increased RI such as acute intracranial hypertension, intraventricular hemorrhage, intracerebral hemorrhage, hypocapnia, blood hyperviscosity, decreased cardiac output, congenital heart disease with left to right shunt, and also RI increased in brain congestion, cerebral arteriovenous malformation, seizures, hypercapnia, hypoxia, increased cardiac output, and right sided heart failure [12] .
Bada et al., was the first to describe the relation between increased RI and increased ICP in preterm infants with post hemorrhagic hydrocephalus, [13] then Hill and Volpe assessed it again in 11 patients with increased ICP, all of them, had increased RI, of them 9 out 11 had ventriculomegally [14] . Goh et al., found good intra-individual correlation of RI to increased ICP in newborn and infants, and less correlation in older children, [15] and then they studied increased RI in relation to increased ICP and ventriculomegally, they found that increased RI was caused by increased ICP and not by ventriculomegally alone [16] . Qualitative indices as RI and PI that had disadvantage and are affected by heart rate and had a broad range reference value especially in children, therefore, they concluded insufficiency of RI and PI in assessing ICP and they induces new index Trans-Systolic Time (TST) for ICP assessment [17] . Leliefield et al., [18] analyzed the TST in relation to ICP in infants with hydrocephalus, and found it to be significant (p<0.005) but also in their study relations of RI and PI to ICP were significant ( p<0.05), and concluded closer relation of TST than RI and PI to increased ICP.
In our study, there is a direct correlation between RI and ICP, and as regard RI, there is a significant difference between infants with high ICP and others with normal ICP.
Anterior cerebral artery Doppler parameter was assessed and was found significant increased in basal and compressive RI in patients with need for drainage procedure, and there was significant decrease in RI after drainage. For basal RI sensitivity was 72.5%, specificity 80%, and diagnostic accuracy 75% [19] .
In our study, basal RI sensitivity was 90%, specificity 90% and diagnostic accuracy 90% claiming the validity of RI as a predictor of ICP with the best detected cut off point of RI is 0.7. In general, TCD in infants with suspected hydrocephalus can be used as a routine non invasive method for assessing and monitoring cerebral circulation and indirectly monitoring ICP adding to other investigation more reliability for taking the decision of surgery according this non invasive technique.
Conclusion:
RI is valid as a predictor of increased ICP so it can be used as a successful non invasive method instead of invasive technique for evaluating intracranial pressure in diagnosis of hydrocephalus with the best cut off point is 0.7 among infants.
